Stomatitis is one of the most common oral complications of cancer therapy. Incidence levels range from 10% to 52% in individuals receiving stomatotoxic chemotherapy (Bennett et al
, the Oral Assessment Guide (OAG) (Eilers, Berger, & Peterson, 1988) , the MacDibbs Mouth Assessment (Dibble, Shiha, MacPhail, & Dodd, 1996) , and the World Health Organization (WHO) Grading Scale for Mucositis (Miller, Hoogstraten, Staquet, & Winkler, 1981) have been used extensively with cancer patients. Both the OAG and the MacDibbs Mouth Assessment have been used in nursing intervention studies for stomatitis prevention and/or treatment.
The OAG is an eight-item tool which requires assessment of the lips, tongue, mucous membranes, gingiva, teeth/dentures, voice, swallow, and saliva. All items are rated from one (normal) to three (most severe) (Eilers et al., 1988) . This tool has been used to assess stomatitis attributable to both radiotherapy and chemotherapy (Zerbe, Parkerson, Ortlieb, & Spitzer, 1992) . Correlation between paired assessments by nurses' scores was excellent (r=0.92) and per cent agreement ranged from 85% for mucous membrane assessments to (1969) moisture and debris, the tongue for coating to 3 (worst home reported and moisture, gingiva, teeth, lips for possible (n=179) moisture, general condition, odour condition 3. Bruya & Madeira (1975) 100% for swallow assessments. The clinical utility and validity of this tool was evaluated with 20 patients (10 women, 10 men) undergoing bone marrow transplantation. Patients' scores on the OAG increased as the condition of the mouth declined, and decreased as the condition of the mouth improved. Staff compliance with use of the tool was high. The OAG has been used to evaluate stomatitis prevention protocols (Graham, Pecoraro, Bentura, & Meyer, 1993; Verdi, Garewal, Koenig, Vaughn, & Burkhead, 1995) and to identify factors associated with changes in oral cavity status (Berger & Eilers, 1998; . The MacDibbs Mouth Assessment was developed to evaluate stomatitis in patients receiving radiation therapy (Dibble et al., 1996) . This 14-item tool comprises four sections: patient information (pain, dryness, eating, talking, swallowing, tasting, and saliva production), examination (number of ulcers, size of largest ulcer in millimetres, presence of vesicles, red areas, or white patches), potassium hydroxide smear (to check for fungal growth) and herpes simplex virus culture. Patient information items were rated from zero (no problem) to three (severe problem). The content validity of the tool was established through consultation with an expert panel consisting of dentists, nurses, and radiation therapists. The per cent agreement between raters was excellent, at 100% for 13 items. The ulcer size item had an agreement level of 85%. A strength of this tool is its ability to distinguish patients who have radiotherapy-induced stomatitis from those who have other serious oral health problems (candida infections and herpetic lesions). The MacDibbs Mouth Assessment and the OAG have been incorporated in a nursing intervention designed to reduce stomatitis (Larson et al., 1998; .
In the 1970s, the World Health Organization convened two meetings with representatives from a number of international groups for the purpose of developing a standardized assessment and reporting method for symptoms, such as mucositis, that could be used worldwide. The results of these meetings was the WHO Grading Scale for Mucositis, which ranges from zero (no side effects) to four (unable to eat or drink) (Miller et al., 1981) . The WHO scale differed significantly from the oral health assessment tools in that it did not require the assessment of different parts of the oral cavity. Rather, health care providers were required to stage severity along a single dimension with fixed endpoints from zero (no side effects) to four (unable to eat or drink). No evidence of testing for validity or reliability for this tool was found, but the WHO scale is considered to be the "gold standard" for assessment and staging of stomatitis in both clinical trials and in general cancer care.
The tools outlined in Table One are problematic for four reasons. First, a patient could obtain a given score, 10 for example, in many different ways, depending on the scores a nurse assigned following the assessment of each part of the oral cavity. Thus, the clinical meaning of a given score may change. A second closely related problem is that a patient's score could stay the same from one day to the next even though the key aspects of his/her mouth changed [two items in the assessment tool received increased scores (from two to three) while two other items in the assessment tool received scores that decreased by the same amount (from four to three)]. As a result of these two problems, the above tools are unable to provide a score with a consistent clinical meaning. This is problematic since changes that warrant an alteration in intervention may remain undetected.
Third, the above tools require the separate assessment on average, of 14 items (eight to 37). In a busy oncology nursing practice, length or complexity may limit the systematic use of stomatitis rating tools. A tool that is simple and yet valid and reliable would be easier to incorporate into a routine nursing assessment.
Finally, these tools all require the evaluation of at least one item (level of consciousness breathing habits, nutritional status, chewing ability, self-care ability, teeth, taste, and voice) that is not directly related to the effect of cancer treatment on oral mucosa. While some of these factors correlate with stomatitis severity, it is incorrect to increase the severity score simply because these factors are present. Rather, in order to ascertain stomatitis severity, only the mucosa should be assessed. In our view, inclusion of these items changes the clinical meaning of the resulting score from stomatitis severity to oral health. This is a serious matter since stomatitis severity (not oral health) is a dose-limiting toxicity in many cancer treatment protocols.
Development of the WCCNR stomatitis staging system
In the mid 1980s, the Western Consortium for Cancer Nursing Research (WCCNR) conducted a survey of Canadian cancer nurses to establish national research priorities. The development of nursing interventions for stomatitis was identified as one of the most pressing concerns (WCCNR, 1987) . The objective of the WCCNR was to create an assessment tool that measured only stomatitis (not oral health), and that was reliable, valid, and easy to use. Clinically significant indicators were identified by interviewing dentists, physicians, and nurses in the four western Canadian provinces who had extensive experience with cancer patients. The eight descriptors arising from this qualitative study (lesions, colour, bleeding, moisture, edema, infection, ability to eat and drink, and pain) formed the original version of the WCCNR stomatitis staging system. In a study involving cancer patients recruited from the four western provinces, WCCNR scores correlated well with the OAG (r=0.76, p<0.01) and the WHO mucositis grading scale (r=0.69, p<0.01) (WCCNR, 1991) . A supplementary project showed that three of the original descriptors (lesions, colour, and bleeding) could accurately predict stage 96.4% of the time (WCCNR, 1998) . The following year, the Mucositis Study Group (MSG) published a modification of the OAG that requires the assessment of ulceration and erythema only, making it very similar to the revised WCCNR stomatitis staging system (WCCNR R ) (Sonis et al., 1999) .
Study objectives
The objectives of the current study were to determine the validity of the revised WCCNR (WCCNR R ) for assessing stomatitis in two additional cancer populations (radiotherapy, combined radiotherapychemotherapy), and to determine the reliability of the WCCNR R for patients receiving chemotherapy, radiotherapy, and combined radiotherapy-chemotherapy at 12 centres providing cancer treatment in Canada from British Columbia to Newfoundland.
Methods

Sample
Eligibility criteria included having a diagnosis of cancer, being at least 18 years old, currently receiving chemotherapy, radiotherapy, or combined chemotherapy and radiotherapy, and being able to read and understand English. Pairs of nurse data collectors evaluated 207 participants from 10 sites over a period of three years (see Table Two for age and gender by treatment group and Table Three for recruitment by treatment and site).
Data collection and analysis
Following receipt of ethical clearance from all data collection sites, a standardized training program was developed for all data collectors. Following training, data collectors began identifying eligible patients during the course of their routine nursing care. Upon identification of an eligible individual, the data collectors explained the study, obtained written consent, assessed participants' mouths using the WCCNR R , and documented their severity rating (see Table  Four ). Total scores ranged from zero for normal mucosa to nine for severe stomatitis.
Because the validity of the tool had not yet been established for stomatitis due to radiotherapy, patients with radiotherapy-induced stomatitis were also assessed using a modified version of the MacDibbs Mouth Assessment (patient information and examination sections only), a tool that had been validated for assessing radiotherapy-induced stomatitis. The data collector who completed the first assessment then contacted the second data collector who independently assessed the patient within 12 hours. The validity of the WCCNR R for patients with stomatitis related to radiotherapy was determined by calculating the correlation between the WCCNR R and the MacDibbs Mouth Assessment. Reliability was determined by calculating Cohen's weighted Kappa for each pair of raters of each treatment group (chemotherapy, radiotherapy, combined chemotherapy and radiotherapy) at each of the 10 data collection sites. Table Five shows the WCCNR R scores assigned by both data collectors across all 10 sites for all three treatment groups (n=207). The Pearson Product-Moment correlation between the WCCNR R scores and the MacDibbs Mouth Assessment for patients who received radiotherapy only ranged from 0.44 (p=0.0002) to 0.54 (p<0001, n=71). As can be seen in Table Six , the weighted kappas for all three treatment groups at sites one, two, five, nine, and 10 remained above the target of 0.75 originally set during the training session. The weighted kappas at sites three and eight were close to the target. Site seven reported results for two treatment groups; in one group the weighted kappa was above the target and in the second group it was slightly below the target. The weighted kappas for sites four and six were considerably below the levels obtained at the other eight sites.
Findings
In order to further investigate the validity of our scoring system, we received ethical clearance to conduct a secondary analysis of a data set from a previous WCCNR study (WCCNR, 1998) . The data set for the secondary analysis included scores for 56 chemotherapy patients on all eight descriptors from the original version of the WCCNR stomatitis • Inspect all oral surfaces. Lesions related to the tumour or to the surgical site, or cracks in the lips are not counted as ulcerated areas. Spontaneous bleeding may include finding dried blood on the pillow. • Add scores for lesions, erythema, and bleeding.
• Rate as follows: 0=Normal Mucosa; 1-4=Mild Stomatitis; 5-7=Moderate
Stomatitis; 8-9=Severe Stomatitis. Examples: 1) A patient with two lesions (score=1), 50% or more pink mucosa (score=0), and no bleeding (score=0) would receive a total score of 1 (stage=mild). 2) A patient with more than four lesions (score=2), 50% or more very red mucosa (score=3), and bleeding with mouth care (score=2) would receive a total score of 7 (stage=moderate).
3) A patient with more than four lesions (score=2), 50% or more very red (score=3), and spontaneous bleeding (score=3) would receive a total score of 8 (stage=severe). CONJ • 14/3/04 RCSIO • 14/3/04 staging system. Using the scoring formula and data for lesions, colour, and bleeding, 79% of the cases were correctly classified. Using the formula and the data for lesions, colour, and moisture, however, 88% of the cases were correctly classified.
Discussion
Studies of this nature require sample size calculations. Since we were studying reliability and validity, our primary interest was in ensuring that our sample was large enough to detect true differences between scores assigned by pairs of data collectors, but we also wanted to detect differences in scores due to the treatment received and to setting. We expected the variation between nurses' scores to be small (effect size=0.1) as we had developed a standardized training program. We thought the variation between treatment groups would be moderate (effect size=0.25) because the WCCNR R no longer included an assessment of moisture, an important element of stomatitis attributable to radiotherapy. We expected the variation between hospitals to be large (effect size=0.40) as the organization of cancer care varies considerably across Canada. These estimates were used to calculate the sample size using the approach developed by Cohen (1977) . It is customary to base the calculations on the smallest effect size which, in this case, was expected to be the nurses' scores. Setting α to 0.05 and β to 0.06, our calculations showed that a sample of 1,320 would be required to detect a true difference between the nurse data collectors' scores, if one existed, 94% of the time. We hoped to have one pair of nurse data collectors at each site and to recruit five patients at each stage (zero to three) across three treatment groups (chemotherapy, radiotherapy, combined chemotherapyradiotherapy) for a total sample size of 60 patients per site. This approach would have provided a total sample of 720 patients (1,440 observations) across 12 sites, leaving some cases for expected attrition, and would have allowed us to determine the variation in assessment scores attributable to the nurse data collectors, the treatment group, and the site.
Several challenges prevented the study team from carrying out this study as planned. We designed this study to run within the context of the usual work roles of the investigative team and the data collectors. No one was hired to collect data for this project. The only personnel cost was related to coverage of one to two shifts per data collector at each site during their training. We made this decision because we wanted to ascertain reliability and validity of the WCCNR R under "usual work" conditions. Thus, this study was particularly vulnerable to changes in staff responsibility and broader organizational issues.
Changes in health care delivery also affected data collection. During the course of the study, stage three stomatitis became less common with the increasing use of colony stimulating factors at some sites. In addition, an increase in the management of chemotherapy patients at home meant that stomatitis occurred and was managed outside the clinic environment, thus reducing the number of individuals available for recruitment. Recruitment was also influenced by the fact that nurses at some centres were unfamiliar with both the research process and formal assessment of stomatitis. Thus, recruitment of study participants required a change in practice. Last, since the data collectors from a given site often worked various shifts and were usually not from the same unit, significant effort was required to coordinate the timing of their assessments. The lengthy recruitment period required the training of new data collectors at most centres.
Despite these challenges, this study showed that the WCCNR R is a valid tool for staging stomatitis due to radiotherapy. Although the agreement between nurses was not as high as anticipated, this study also showed that the WCCNR R is reasonably reliable. The agreement for eight sites (one, two, three, five, eight, nine, and 10) out of 10 suggests that the variation between nurses is indeed small, and that the variation between hospitals may be smaller than expected. The low kappas at sites four and six suggest data collection training issues at those locations. Our ability to detect these low scores suggests that our sample size, although not ideal, was sufficiently large to identify important differences that warrant further attention. The most noticeable variation between these eight sites is across treatment groups. This pattern is also reflected in the data from site seven where participants from two treatment groups were recruited; the kappa for combined chemotherapy and radiotherapy was higher than the target, but the kappa for chemotherapy alone was slightly below the target. The results of the secondary analysis were surprising. The scoring system, based on lesions, colour, and bleeding, was developed to stage stomatitis across three treatment groups (chemotherapy, radiotherapy, and combined chemotherapy and radiotherapy). The availability of all eight of the original descriptors (lesions, colour, bleeding, moisture, edema, infection, ability to eat/drink, discomfort) in the data set from a study previously conducted by our group provided the opportunity to examine the extent to which the scoring system could correctly stage the patients from our previous study. When scores for moisture replaced bleeding scores in the scoring system, the proportion of cases correctly staged increased by 9%. Unfortunately, patients in the previous data set were only assessed by one nurse so the reliability of assessments of moisture is unknown. In our next study, we had planned to test the reliability of the WCCNR R in French. Given the results of the secondary analysis, however, we will revise the WCCNR R Stomatitis Staging System slightly in the French study by adding moisture to the current three descriptors. Data collectors will also be asked to complete the WHO Mucositis Toxicity Grading Scale for each participant. The objective will be to determine a set of predictors that correlates well with the WHO Mucositis Toxicity Grading Scale, and that correctly stages at least 90% of cases.
Our study group continues to discuss the extent to which factors that did not appear to be important in the accurate staging of stomatitis severity, such as pain, may require assessment in order to develop nursing interventions. In our previous study (WCCNR, 1998) , the addition of pain in the discriminant analysis did not increase our ability to correctly stage the severity of stomatitis. Similarly, in their study of patients undergoing bone marrow transplantation, McGuire, Yeager, Peterson, Owen, and Wingard (1998) found that although stomatitis appeared to be relatively mild, pain scores, on the other hand, were in the "mild" to "moderate" range (56 on a 0 to 100 scale and 2.62 on a 0 to 5 scale) and that, consistent with the work of others (Chapko, Syrjala, Schilter, Cummings, & Sullivan, 1989; McGuire et al., 1993) , the availability of medication and other kinds of interventions did not result in complete pain relief. The solution to this problem will rest with the decisions we make regarding the outcome variables in our intervention studies. Will the outcome of interest be only visible tissue damage (lesions, colour, and bleeding)? To what extent might the pain be related to factors unrelated to the stomatitis?
Implications for research and practice
Given the problems associated with other assessment tools identified above, the initial intent of the WCCNR was to use the toxicity grading format for our tool and to refrain from the development of a scoring system. Data collectors, however, found this approach unworkable. Our future studies will confirm whether the scoring system that is now part of the tool has resulted in the identification of boundaries between significant clinical changes that will warrant different nursing interventions.
The WCCNR R has several advantages over other valid and reliable tools for assessing stomatitis due to chemotherapy, radiotherapy, or both. In addition to assessing and staging only stomatitis, the symptom of interest when evaluating treatment-related toxicity, it is quick and easy to incorporate into a busy clinical practice. The tool is a hybrid, composed of the stomatitis indicators from the oral health assessment tools and the toxicity grading scale format used in the WHO tool. Individuals or groups wishing to use the WCCNR R stomatitis staging system in clinical practice are invited to visit http://www.ualberta.ca/ ~kolson/stomatitis/stomatitis.htm and to complete the training material provided. The website also provides an opportunity for those who have completed the training to indicate an interest in participating in intervention studies and to assist with the development of an on-line colour atlas of stomatitis severity.
